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INTRODUCTION

ABSTRACT

Background: Food coloring agents used in food remain controversial
because many adverse effects are encountered. Therefore, the objective of
the present study was to investigate whether curcumin has potential
protection against oxidative stress, organ damage, and genotoxic effects
induced by different doses of tartrazine, a synthetic food coloring agent, in
male rats. Experimental procedure: Six groups were established as
follows: Group 1 represented the control. Groups 2 and 3 were given
tartrazine orally, with a daily dosage of 10 and 20 mg/kg b.w., respectively.
Group 4 was given orally a daily dose of 50 mg curcumin/kg b.wt. Groups 5
and 6 were orally given daily doses of 10 and 20 mg/kg tartrazine and co-
treated with 50 mg/kg curcumin, respectively. Results: The administration
of low and high dose tartrazine for 30 and 60 days significantly increased the
following parameters in proportion to the dose and time of exposure: body
weight; levels of AST, ALT, urea, creatinine, reactive oxygen species, and
lipid peroxidation; and reduced organ weight (liver, kidneys, and testes),
concentrations of total protein, albumin, catalase (CAT), glutathione
peroxidase (GPx), superoxide dismutase (SOD), free and total testosterone,
sperm count, motility, and viability. Furthermore, tartrazine induced
histopathological alterations and DNA damage in hepatic, renal and
testicular tissues. Co-treatment of rats with curcumin and tartrazine revealed
milder pathological alterations compared to rats treated with tartrazine alone.
Conclusion: Taken together, this study showed that curcumin ameliorated
the tartrazine-induced toxicity in the liver, kidney, and testis of male rats.

Food additives are incorporated into basic food products to enhance their sensory
properties, such as taste, appearance, texture, color, and preservation (Himri et al., 2011).
Based on the purpose of use, they can be grouped into five main categories commonly found
in the modern food supply (Amin and Al-Shehri. 2018). Specifically, colouring compounds
that give food vivid hues fall within one of these categories. Tartrazine (Tar) is a well-known
food additive widely used as a coloring substance in the Egyptian food industry. Additionally,
as a lemon-yellow substance, it serves as a saffron substitute in many developing nations as a
cooking ingredient (Amin et al., 2010). Tartrazine, recognized as FD, E102, and C Yellow 5,
is a synthetically produced azo dye that is extracted from coal tar (Mehedi et al., 2009). For
humans, Tar's acceptable daily intake (ADI) should not exceed 7.5 mg/kg b.w.
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The Food and  Agriculture
Organization and World Health Organization
(JECFA) highly advise governments to
monitor food additives misuse or if their
overall intake exceeds the permissible level
(FAO/WHO, 1999) Numerous studies have
reported the widespread and unregulated use
of such dyes in children's foods (Rahnama et
al., 2022). Juices and drinks, candy, potato
chips, dressings, chocolates, ice cream, and
jelly are just a few of the food products that
may contain tartrazine (Ahmed et al., 2021,
Clemens et al., 2023). Furthermore, tartrazine
is commonly present in some medical
preparations, including medicinal capsules
and vitamins (Amin and Al-Shehri, 2018). To
the best of our knowledge, no comprehensive
studies to date about the analysis of synthetic
food colourants in Egypt. In one Egyptian
study, Tar was detected in soft drinks and
jelly powders measuring 0.2-15 pg/ml and
25-125 pg/g, respectively (Abdel-Moemin,
2016). Many food additives are considered
xenobiotics that humans are exposed to
(Murray et al., 2009) and overconsumption of
these chemicals in food products can result in
toxicity to humans (Al-Shinnawy 2008).
Xenobiotics may elicit diverse biological
effects, including pharmacological, toxic, and
immunological reactions and cancer (Murray
et al., 2009). Variables, such as age, sex,
nutritional status, and genetic makeup, may
influence individual responses. The dose
concentration and exposure frequency are
critical factors determining diverse biological
responses (Amin et al., 2010). An extensive
body of research has accumulated, revealing
tartrazine's potential hazards (Kamal and
Fawzia, 2018). Previous studies show that
tartrazine induces allergic reactions in
sensitive people (Nabila et al., 2013) and may
induce negative impacts in animals, such as
kidney, liver, and testes toxicities and
inflammation in the stomach lining
(Moutinho et al., 2007). Elevated eosinophil
and lymphocyte counts were observed when
rats were consumed for extended periods (Al-
Seeni et al., 2018). According to Mahfouz
(2013), tartrazine is linked to a number of
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immunologic reactions, including heat waves,
migraines, anxiety, neurobehavioral toxicity,
general weakness, itching, impaired vision,
clinical depression, and purple skin patches.
Numerous investigations have confirmed the
mutagenic tartrazine effects in animal models
(Sasaki et al., 2002; Amin and Al-Shehri,
2018; Dos Santos et al., 2022).

Natural colours derived from plant
sources have become highly demanded in the
food industry as safe ingredient alternatives
for several synthetic colour additives that
negatively impact health. Among the herbal
resources identified was curcumin, a yellow
polyphenol substance that is produced from
turmeric (Curcuma longa L.) rhizomes (Indira
Priyadarsini, 2013). It is commonly employed
for food coloring (Govindarajan, 1980).
Moreover, curcumin's activity is augmented
by the methoxy groups present on the phenyl
ring (Indira Priyadarsini, 2013). Curcumin
also  possesses antiviral and  anti-
inflammatory potential. It has also been
demonstrated to be a potent scavenger of ROS
in various disorders, thereby protecting
crucial cellular components like DNA,
proteins, and lipids (EI-Wakf and EI-Kholy,
2011). Furthermore, an anticancer effect of
curcumin has been shown (Siddiqui et al.,
2018). Curcumin demonstrated modulatory
effects on various genes involved in the
pathogenesis of different diseases (Rahmani
et al., 2018). Several of these actions account
for curcumin's potential to safeguard DNA
from the destruction caused by free radicals
and protect hepatocytes from toxins
(Caglayan et al., 2018). This study was
conducted to investigate the possible role of
curcumin as a natural coloring product in
alleviating oxidative stress caused by low and
high-dose tartrazine administration for 60
days. The curcumin-protecting effects on
tartrazine induced structural, biochemical and
genetic damage in the liver, kidney, and testes
will be assessed.

MATERIALS AND METHODS
Food Colors Additives:
Tartrazine yellow 700 E102 was
acquired from a local provider and mixed



Prophylactic Effect of Curcumin Against Long-Term and High-Dose

with the diet and drinking water of male
albino rats. Tartrazine was given orally
following the technique outlined by Walton et
al. (1999).

Experimental Animals:

Adult male Sprague-Dawley white
albino rats weighing 180-210 g were acquired
from the animal house of the Egyptian Drug
Authority (formerly NODCAR), Egypt. They
were kept in a laboratory room that was
adequately ventilated and maintained under
controlled conditions. A 25°C room
temperature was maintained, and the rats
were subjected to a 12-hour dark/12-hour
light cycle with appropriate humidity levels.
The animals were placed in plastic cages
maintained within hygienic circumstances
and given ad libitum access to standard rat
chow pellets and tap water for drinking. The
animals were treated with care and respect
during the experiment. Animal procedures
adhered to the guidelines recommended by
the Canadian Committee for Care and agreed
via the Institutional Animal Ethics Committee
of the Egyptian Drug Authority and October
6 University. The ethical approval number for
experimental study provided by October 6
University is: 20230710.

Experimental Design:

The rats received a nutritionally
adequate standard laboratory diet ad libitum
for 60 days. Afterward, they were allocated
into 6 groups randomly, each with 10 rats:
group 1 corresponded to the controls and was
given distilled water, and groups 2 and 3 were
given 10 and 20 mg of tartrazine /kg BW/day
diluted in distilled water, respectively, group
4 received 50 mg curcumin /kg BW/day),
groups 5 and 6 received 10 and 20 mg
tartrazine with 50 mg curcumin /kg BW/day,
respectively. Tartrazine and curcumin were
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temperature and then underwent
centrifugation for 10 min at 3000 rpm, and the
resulting serum was kept at -80 °C till further
use. Serum samples were used to determine
the following parameters: AST, ALT, total
proteins, urea, creatinine and testosterone
(free and total).

Histopathologic Examination:

During autopsy, tissue specimens
were acquired from the liver, kidneys, and
testes of various rat groups. These specimens
were then washed and divided into three
parts; one part for storage at 80 °C for further
investigation, another part was homogenized
in homogenizing buffer solution and the last
part was preserved in a 10% saline formalin
solution for 24 hours. After washing with tap
water, the tissue samples underwent
dehydration utilizing a series of alcohol
dilutions, including ethyl, methyl, and
absolute ethyl alcohol. Following xylene
clearing, the samples were paraffinized and
placed in a hot-air oven (56°C) for 24 h. The
tissue samples were embedded in paraffin
wax and sectioned using a sledge microtome
to produce 4-micron-thick tissue sections.
These sections were carefully positioned on
glass slides and subjected to deparaffinization
and staining with hematoxylin and eosin for
inspection using a light microscope (Drury

1983).
Determination of Aspartate
Aminotransferases and Alanine

Aminotransferase activity:

The calorimetric  estimation of
aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) activities followed
the technique given by Reitman and Frankel
(1957), using kits purchased from QCA,
Apdo, Spain.

Determination of Plasma Blood Urea:

administered daily by oral gavage for 60 days.
First, blood samples were taken after 30 days.
Second, after the experiment was completed
(60 days), the rats were fasted overnight,
except for water. Blood samples were

Enzymatic colorimetric evaluation of
urea was accomplished following the Fawcett
and Soctt (1960) technique using kits provided
by protein using Bio-diagnostic Kkits, Giza,
Egypt.

obtained from the jugular veins under
anesthesia in glass tubes deprived of
anticoagulant to obtain serum. The blood
samples were allowed to coagulate at room

Determination of Plasma Blood Creatinine:

Kinetic determination of creatinine
was accomplished by applying the procedure
of Bartels et al. (1972) using Bio-diagnostic
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kits, in Giza, Egypt. In this method, the
creatinine is mixed with picrate in an alkaline
solution, forming a colored complex. This
color complex's intensity can then be
measured at 546 nm in a spectrophotometer.

Determination of Catalase (CAT) Activity:

Catalase was carried out utilizing the
procedure of Aebi (1984), and its tissue
activity was presented as the amount of H20-
utilized/min/mg protein using Bio-diagnostic
kits (Giza, Egypt).

Determination of Superoxide Dismutase
(SOD) Activity:

SOD activity determination in tissue
homogenates was achieved following the
kinetic procedure described by Marklund and
Marklund (1974) using Bio-diagnostic Kits,
in Giza, Egypt.

Determination of Lipid Peroxidation:

The level of lipid peroxide formation
in tissue homogenates was assessed by
measuring  thiobarbituric acid reactive
substances (TBARS), utilizing the procedure
outlined by Uchiyama and Mihara (1978)
using Bio-diagnostic kits, Giza, Egypt.
Determination of Glutathione Peroxidase
Activity:

Glutatione peroxidase activity (GPx)
were determined according to Lawrence and
Burk (1976).

Determination of Total Proteins:

Total protein levels were determined
in the serum following the technique of
Gornall et al. (1949) and using Bio-diagnostic
Kits, in Giza, Egypt.

Quantification of Reactive Oxygen Species
(ROS) Content:

The ROS production was quantified in
tissue homogenate by utilizing a variation of
an established assay that measures the
transformation of nitro Dblue tetrazolium
(NBT) to formazan inside the cell due to the
presence of superoxide anions (Vrablic et al.,
2001) using Bio-diagnostic kits, Giza, Egypt.
Determination of Testosterone Total And
Free:

levels
provided

testosterone
kits

Serum
estimated  using
Monocent, CA, USA
Measurement of Sperm Motility and

were
from
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Viability:

The evaluation of sperm progressive
motility and viability was conducted under a
microscope within 2-4 minutes of isolation
from the cauda epididymis using the protocol
previously described by Sonmez et al. (2005).
To obtain the required fluid, a pipette was
utilized to extract fluid from the cauda
epididymis, which was then mixed with Tris
buffer solution to make a 2 ml solution. The
motility of the sperm was assessed at a
magnification of 9400, and the motile sperm
percentage was estimated.

Comet Assay To Identify DNA Damage in
Hepatic, Kidney, and Testes Tissue:

DNA damaging analysis was
achieved utilizing the comet assay (single-cell
gel electrophoresis) (Himri et al., 2012).
Samples of liver weighing 100 mg were
obtained from all experimental groups and
minced in a chilled homogenizing buffer
solution comprising 0.075 M NaCl and 0.024
M Na2EDTA. The minced samples were
gently homogenized on ice wusing a
homogenizer (Ikemoto Scientific Technology
Company Ltd., Japan). The resulting cell
suspension underwent centrifuging 700X g
for 10 minutes at 4 °C and was then re-
suspended within a cold buffer. The slide
visualization was conducted utilizing an
epifluorescence microscope. The
genotoxicity-induced DNA migration length
(comet tail length) was determined by
scanning digital images of the samples using
an image analyzer software (Comet V image
analyzer) (Gyori et al., 2014). Additionally,
approximately 505 randomly selected cells
from each sample were observed to obtain
additional measurements, including the tail
length (TL), DNA tail intensity (TI), and
DNA tail moment (TM). TL is the distance
between the final signal in the tail and the
comet head, while Tl is calculated by dividing
the amount of DNA in the tail by the DNA in
the nucleus and multiplying it by 100. TM
accounts for the product of the DNA amount
in the tail and TL. All assays have been
repeated three times and compared with the
control group to ensure the accuracy and
reliability of the results.
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Histopathology:

Autopsy samples were collected from
rats' liver, kidneys, and testes in various
experimental groups and fixed in 10% formol
saline for a day. After being washed with tap
water, the specimens underwent a
dehydration process using a series of alcohol
percentage solutions, including ethyl alcohol,
and absolute ethyl alcohol. Once dehydration
was complete, the specimens were cleared
using xylene and then embedded in paraffin
for 24 hours in a hot air oven at 56 degrees.
The paraffin-embedded tissue blocks were
prepared for sectioning at a thickness of 4
microns utilizing a sledge microtome. After
collection onto glass slides, the tissue sections
underwent deparaffinization, followed by
staining with hematoxylin and eosin stain,
allowing examination through a light electric
microscope (Drury 1983).

Statistical Analysis:

The mean values + SE were used to
present the collected data, and statistical
analysis was conducted utilizing one-way
ANOVA to determine the variation difference
in measured indices among experimental
groups followed by student's t-test. The
statistical significance was determined using
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a criterion of p < 0.05 for the biochemical
data. The statistical analysis was
accomplished utilizing the SPSS statistical
version 21 software package (SPSS® Inc.,
USA).
RESULTS

Ameliorative Effect of Curcumin on Liver,
Kidney, Testes Weights, and Body Weight
in Rats Given Tartrazine.

According to the data presented in
Table 1, the administration of tartrazine (high
and low doses) induced a significant
reduction (P < 0.05) in the weight of the liver,
kidneys, and testes relative to the control
group. Additionally, a significant increase (P
< 0.05) in body weight was observed in the
groups treated with tartrazine. Conversely,
groups that received 10 and 20 mg/kg
tartrazine (TAR) and 50 mg/kg curcumin
(CUR) simultaneously showed ameliorative
consequences on body weight and organ
weights irtenn comparison with the group that
received 10 and 20 mg/kg tartrazine (TAR)
respectively. Moreover, no considerable
impact was recognized in the groups that
received both tartrazine (10 and 20 mg/kg)
and curcumin (50 mg/kg) relative to the
control group.

Table 1: Effect of curcumin (50 mg/kg) on organ weights and body weights in rats fed with
tartrazine (10 and 20 mg/kg) for 60 days.

Groups Organ weights (g) Body weight (g)
Liver (9) | Kidneys (g) | Testis (Q)
Control 6.85+0.10° | 1.63+0.58% | 2.63 + 0.322 261 +£1.232
10 mg/kg TAR 5.10 +0.09 | 1.50 + 0.38¢ | 2.41 + 0.15¢ 291 +1.42¢
20 mg/kg TAR 482+0.11° | 1.11+£0.29° | 2.10 £ 0.22° 325+1.19°
50 mg/kg CUR 6.83+0.23* | 1.65+0.32* | 2.61+0.41* 265+ 1.33°
10 mg TAR + 50 mg CUR/Kg | 6.00 +0.17° | 1.54 +0.27° | 2.50 + 0.19° 285+ 1.15"
20 mg TAR + 50 CUR mg/kg | 5.61 +£0.10° | 1.48 +0.25° | 2.38 + 0.32° 298 +1.42¢

Values represent the mean + SE of 10 rats. Values labeled with similar letters revealed no significant differences at P < 0.05.
Values within a column that do not share the same superscripted letters significantly differ at P < 0.05.

Ameliorative Effect of Curcumin on
Biochemical Parameters Altered by
Tartazine Toxicity in Male Albino Rats:
The curcumin protective effects on
oxidative stress induced by tartrazine within
male rats are provided in Table 2. The
findings demonstrated substantial
improvement in serum AST and ALT

activities in groups that received 10 and 20
mg/kg tartrazine and 50 mg/kg curcumin after
30 and 60 days, respectively, compared to the
tartrazine-treated group. The administration
of 10 and 20 mg/kg tartrazine significantly
increased AST and ALT activity after 30 and
60 days in comparison with the control group.
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Table 2: Effect of curcumin on tartrazine-induced elevation of AST and ALT within male

albino rats.
Groups AST (U/L) ALT (U/L)
30 days 60 days 30 days 60 days
Control 52.00 + 1.25% | 54.61+1.22% | 38.20 + 0.912 | 40.60 + 1.08?
10 mg/kg TAR 61.60 + 1.44¢ | 81.22 +2.51¢ | 48.92 + 0.83° | 62.17 + 0.89°
20 mg/kg TAR 85.34 +1.18° | 125.00 + 3.17¢ | 60.6 + 1.01¢ | 85.00 +1.20¢
50 mg/kg CUR 52.30 + 1.19? | 55.10 + 1.38% | 37.14 + 0.82% | 37.20 + 0.50°
10 mg TAR +50 mg CUR/kg | 57.40 + 1.35" | 64.91 + 1.30° | 40.62 + 0.73" | 47.02 + 1.08"
20 mg TAR + 50 mgCUR/kg | 72.36 + 1.45° | 93.88 +1.80¢ | 51.83 + 1.00¢ | 61.30 + 1.16¢

Values represent the mean + SE of 10 rats. Values labeled with similar letters revealed no significant differences at P < 0.05.
Values within a column that do not share the same superscripted letters significantly differ at P < 0.05.

The data reported in Table 3,
indicate an increasingly significant rise in
serum urea and creatinine concentrations
among rats administered 10 and 20 mg/kg of
TAR, along with a considerable decline in
serum albumin in comparison with the control
groups. Alternatively, in the groups that

received both 10 and 20 mg/kg tartrazine and
50 mg/kg curcumin (CUR) simultaneously,
there was a significant improvement in serum
urea, creatinine, and albumin levels after 30
and 60 days compared to the groups treated
with tartrazine alone.

Table 3: Effect of curcumin on the tartrazine-induced rise of creatinine and urea in male albino

rats.
Groups Urea (mg /dl) Creatinine (mg /dl) Albumin (g/L)
P 30 davs 60 davs 30 davs 60 davs 30 davs 60 days
Control 30.00£0.882 | 30.81 £0.90= 0.63 +0.052 0.64+0.032 5410212 5.46+0.192
10 mg/kg TAR 38.00£0.57° | 53.90 £ 0.66° 0.80+0.31¢ 1.09+£0.16° 5.16+0.16° 4.80+0.19¢
20 mg/kg TAR | 58.50=123¢| 71.4£0.86° | 1.4-+0.19¢ 1.65£0.13¢ 4.30+021¢ | 3.61£0.25
50 mg'kg CUR 30.08+£0412 | 289+0.152 0.64 £0.23=2 0.61 =0.25= 5.38+0.162 5.50+0.192
10 mg TAR + 50 -
= 18 +£0.290 80+£0.19% .68 +£0.023¢% 714+0.18°
mg CUR/kg 35.18£0.29 40.80 £ 0.19 0.68 £0.023 0.71+£0.18 5304 0,135 5194018
20 mg TAR+50 46.25+0.32¢ | 50.00 £ 1.044 0.70 £ 0.23¢ 0.89+0.17¢ 4.62+0.15¢ 4.69+0.10¢
mg CUR/kg

Values represent the mean + SE of 10 rats. Values labeled with similar letters revealed no significant differences at P < 0.05.
Values within a column that do not share the same superscripted letters significantly differ at P < 0.05.

The results showed amelioration in
groups administered 50 mg/kg CUR
combined with 10 and 20 mg/kg TAR after 30
and 60 days of testosterone (total and
testosterone-free) in serum relative to the

control  group.  Furthermore,  groups
administered 10 and 20 mg/kg TAR alone
exhibited the lowest free and total
testosterone levels (Table 4).
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Table 4: Effect of curcumin on the tartrazine-induced decrease of testosterone total and free

in male albino rats.

Grouns Testosterone total (ng/ml) Testosterone-free (ng/ml)
P 30 days 60 days 30 days 60 days
Control 400+0.13* | 405+0.28% | 1.36+0.18% | 1.38+0.092
10 mg/kg TAR 3.21+0.17° | 241+£0.19°¢ 1.0+0.13°¢ 0.71+£0.09°¢
20 mg/kg TAR 1.80 £ 0.25¢ 1.00+£0.13* | 0.62+0.10° | 0.41+0.02°
50 mg/kg CUR 408+0.23* | 4.10+0.25* | 1.40+0.21° 1.50 £ 0.08?
10 mg TAR +50 CURmg/kg | 3.68+0.15* | 2.80+0.18° | 1.27+0.14° | 1.10+0.14"
20 mg TAR + 50 CUR mg/kg | 3.00+0.21¢ | 0.80+0.31¢ | 0.81+0.20¢ | 0.77+0.09¢
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Values represent the mean + SE of 10 rats. Values labeled with similar letters revealed no significant differences
at P < 0.05. Values within a column that do not share the same superscripted letters significantly differ at P <

0.05.

Table 5, showed that administering
10 and 20 mg tartrazine/kg body weight/day
considerably reduced sperm count, motility,
and viability relative to the control.
Administration of CUR in the group treated
with 10 and 20 mg/kg TAR showed

ameliorative effects on sperm count, motility,
and viability compared to the group that
received TAR only. There was no discernible
advantage for the curcumin group over the
control group.

Table 5: Effect of curcumin on tartrazine-induced motility, vitality, and count of sperms in the
semen of male albino rats (Mean + SE).

Parameters Treatment (60 days)
Control 10 mg/kg 20 mg/kg 50 mg/kg 10 mg TAR + 20 mg TAR +
TAR TAR CUR 50 mg CUR/kg | 50 mg CUR/kg
Sperm count (Million/cc) | 3.85+0.182 | 2.65+0.17¢ | 1.8+041® | 3.88+0.272 3.65+027" 241+0274
Viability (%) 90 £0.24= 65 = 0.23¢ 45£0.51¢ 91 £0.31=2 73+ 0.31° 61 +£0.314
Motility (%)
Progressive: 80 +0.48=2 65 +0.44¢ 38+0.61¢ 83 +0.382 70+ 0.39° 50+0.214
Non-progressive: 20+ 0.362 35+ 029¢ 62 +0.39 27+0.152 30=0.17° 50 +0.19¢

Values represent the mean + SE of 10 rats. Values labeled with similar letters revealed no significant differences at P < 0.05.
Values within a column that do not share the same superscripted letters significantly differ at P < 0.05.

Mitigative Effect of Curcumin on Tartrazine Induced-Oxidative Stress Parameters in
Male Rat Tissue:

Table 6, demonstrates that the administration of TAR at 10 and 20 mg/kg had a
discernible effect on the liver tissue, as evidenced by improved concentrations of reactive
oxygen species (ROS) and lipid peroxidation (LPO), coupled with a reduction in the levels of
catalase (CAT), superoxide dismutase (SOD), and glutathione peroxidase (GPx) relative to the
control group. In contrast, groups treated with 10 and 20 mg/kg TAR plus 50 mg CUR showed
ameliorative effects compared to groups that received only 10 and 20 mg/kg TAR. As shown
in Table 6, the co-administration of CUR (50 mg/kg) with TAR (10 and 20 mg/kg) had an
ameliorative effect on catalase (CAT), glutathione peroxidase (GPx), lipid peroxidation (LPO),
reactive oxygen species (ROS), and superoxide dismutase (SOD) in the kidneys of rats
compared to groups treated with Tar alone. Alternatively, the groups that received 10 and 20
mg/kg TAR alone showed increased ROS and LPO and decreased GPx, CAT, and SOD
relative to the control. Groups receiving 10 and 20 mg/kg TAR demonstrated significant
increases in ROS and LPO and significant decreases in GPx, CAT, and SOD relative to the
control. Alternatively, administering CUR at a dose of 50 mg/kg demonstrated a lowering
effect on ROS and LPO levels in the testes of rats treated with tartrazine. Additionally,
curcumin showed an increasing effect on GPx, CAT, and SOD levels 9 (Table 6).
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Table 6: Effect of curcumin on tartrazine-induced oxidative stress in male rat liver, kidney and
testes tissue homogenates after 60 days.

Groups (pmoRICI::IS'BTIg MDA , GPx . - CAT . SoD .

tissue) (nmol'mg protein)| (IU/g protein) | (U/mg/protein) | (U/mg protein)
Control 2840+1.160 | 0.35+0.05¢ 36.22+0.83® | 22.41+0.88% 12526+ 1.26®

10 mg/kg TAR 4494+ 1.60¢ | 1.66+0.034 21.55+1.01¢ | 10.80+0.61¢ 81.00+1.50¢

E 20 mg/kg TAR 53.00+1.68 | 2.80+0.082 15.00+0.878 | 7.43=0.44° 60.14 +1.38¢#
5| 50 mgkg CUR 26.83+£1.522 | 0.32+0.022 34.80+0.902 | 22.58+1.00% 12500+ 1912
10 mg/kg TAR + 50 mg’kg CUR | 34.93+1.35% | 1.20+0.06" 31.10£1.00°% | 18.32+0.32F 110.12 £2.25b

20 mgTAR + 50 mg CUR/kg 40.83 £1.21° | 1.45+0.04¢ 25.00+0.88° | 15.62+1.06¢ 88.40+1.19¢
Control 9.81+0.31% 0.29 £0.04% 21.37+£0.33* | 16.10+0.822 105.14 +1.812

~ | 10 mg/ke TAR 16.84+0.929 | 045 +0.164 17.86 £ 0.414 10.25+1.014 81.00+1.214

Y| 20 mg/ke TAR 21.64+1.30° | 1.51+0.19¢ 11.22 +0.53¢ 8.91 £ 0.44¢° 60.18 +1.83¢
E 50 mg/kg CUR 9.60 + 0422 0.28 £0.03= 21.00+£0.172 | 16.19+£0.44= 106.00 £ 0.982

10 mgTAR + 50 mg CUR/kg 13.20+0.38" | 0.40+0.15P 15.55 £ 0.15¢ 14.18 £ 0.320 95.25+1.02b

20 mpTAR + 50 mg CUR/kg 16.53 £ 0.25¢ | 1.03+£0.14¢ 13.09+0.10¢ | 10.55+1.08° 83.66+ 0.90°¢
Control 8.92 £ (0.422 0.52 £0.28% 14.72 £0.622 17.25+0.912 117.55 £ 0.542

wn L 10mg/kg TAR 12.25+0.314 | 1.06+0.214 11.42 +0.31¢ 14.30 +0.38d 90.55 + 1.864

B | 20 mg/kg TAR 18.65+0.83¢ | 1.76 £ 0.62¢ 8.72+0.58¢ 11.25 +0.69¢ 65.22 +1.38¢
E 50 mg/kg CUR 8.86 + 0.622 0.50 £0.27= 14.23 +0.892 17.20 + 0.88¢ 116.92+1.652

10 mgTAR + 50 mg CUR/kg 9.18 + 0.40° 0.65+0.12% 12.02 +0.69° 15.61+ 0.89® 99.65 + 1.43%

20 mgTAR + 50 mg CUR/kg 12.61+£0.48¢ | 0.98 £0.25¢ 10.03 +0.82¢ 13.82 + 0.55° 86.44 £0.41°

Values represent the mean + SE of 10 rats. Values labeled with similar letters revealed no significant differences at P < 0.05.
Values within a column that do not share the same superscripted letters significantly differ at P < 0.05.

Tartrazine Effect on DNA Damage
Markers Was Mitigated by Curcumin:
DNA Fragmentation:

The extent of DNA damage in the
liver of rats was determined utilizing a comet
assay, and the findings were displayed in the
Table and 7 Figure 1. This analysis aimed to

mg/kg) for 60 days caused a considerable rise
in DNA damage (P < 0.05), as revealed by the
enlarged tail length, tail DNA percentage, and
tail moment relative to the controls. In
contrast, the groups that co-received
tartrazine and curcumin (10 and 20 mg/kg
TAR with 50 mg CUR) showed no substantial

inspect the consequence of tartrazine variance in DNA damage (tail length)
administration compared to the normal compared to the healthy control.
control. Tartrazine administration (10 and 20
Table 7: Effect of curcumin on tartrazine-induced DNA damage in rat Liver.
DNA marker in the Liver
Groups % Tail Length | DNA in Tail | Tail t | oli t
(1 g In lal all momen Ive momen
Control 10.80 + 0.61% | 6.82+0.43* |5.24+0.322 | 0.35+0.032 | 0.30+0.052
10 mg/kg (TAR) 15.20 + 1.02¢ | 8.96 + 0.51¢ [10.30 +0.92¢ | 0.88 +0.06¢ | 1.00 + 0.12¢
20 mg/kg (TAR) 19.60 + 0.86° |12.60 + 1.21¢ [15.10 + 0.65° | 1.35+0.13¢ | 2.01+0.10°¢
50 mg/kg CUR 10.71+0.44% | 6.69+0.63* | 5.21+0.60° |0.31+0.052 | 0.29 +0.02?
10 mg TAR + 50 mg CUR/kg |13.00 +0.88" | 8.60 + 0.44" | 8.00 +0.45" | 0.73+0.10° | 0.55+0.20°"
20 mg/TAR+ 50 mg CUR/kg |15.83+0.87¢ | 9.13+0.32¢ | 9.65+1.02° | 0.91+0.07° | 1.40 +0.30°

Values represent the mean + SE of 10 rats. Values labeled with similar letters revealed no significant differences at P < 0.05.
Values within a column that do not share the same superscripted letters significantly differ at P < 0.05.
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Fig. 1 :Comet assay for DNA damage in liver tissues from various groups. G1, control group;
G2, 10 g/kg (TAR) group; G3, 20 mg/kg (TAR) group; G4, 50 mg (CUR) G5, 10 TAR+ 50

mg/kg CUR) group; G6, 20 TAR+ 50 mg/kg CUR group.

Figure 2, and Table 8, illustrate the
findings of the comet assay conducted to
determine the level of DNA damage in the
kidneys of rats following exposure to
tartrazine relative to the control. Tartrazine

0.05) as indicated by the enlarged tail length,
tail moment, and tail DNA% relative to the
control. In contrast, in groups treated with
tartrazine + curcumin (10 and 20 mg/kg TAR
with 50 mg CUR), there was no substantial

(10 and 20 mg/kg TAR) administration variance in DNA damage (tail length)
significantly increased DNA damage (P < compared to healthy controls.
Table 8 : Effect of curcumin on tartrazine-induced DNA damage in rat kidneys
DNA marker in kidney
Groups % Tail Length DNA in Tail Olive
Tail moment moment
Control 10.60 + 0.59% [ 6.10 +0.302 |7.50 + 0.65° |0.55+0.042 | 0.92+0.17°2
10 mg/kg (TAR) 12.90 + 1.04% [ 8.34 +0.28¢ |8.80+0.44% | 0.81+0.02¢ | 1.40+0.20¢
20 mg/kg (TAR) 15.84 +1.09° [10.80 + 0.54° [11.15+ 0.83% {1.08 £ 0.06° | 1.93+0.19°
50 mg/kg CUR 10.46 +0.82° [ 6.05+ 0.282 |7.42+0.392 |0.54 + 0.05° | 0.90 +0.102
?Ur;?gAR“L S0mgCURKG |11 50+ 0.68° | 7.60 + 043> |7.81+ 056" |0.61+0.10° | 1.08+0.25
20 mg/TAR+ 50 mg CUR/Kg 12.60+0.79°[8.82+0.61° [8.91+1.04° [0.83+0.12° | 1.39+0.38°

Values represent the mean + SE of 10 rats. Values labeled with similar letters revealed no significant differences at P < 0.05.
Values within a column that do not share the same superscripted letters significantly differ at P < 0.05.
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Fig. 2: Comet assay for DNA damage in kidney tissues from different goups Where G1,
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control group; G2, 10g/kg TAR group; G3, 20 mg/kg TAR group; G4, 50mg CUR; G5, 10
TAR+ 50mg/kg CUR group; G6, 20 TAR+ 50 CUR group.

The extent of DNA damage in the
testes of rats was determined utilizing a comet
assay, and the findings were displayed in the
Table 9 and Figure 3. This assay was carried
out to inspect the consequence of tartrazine
administration compared to the normal
control. Tartrazine administration (10 and
20mg/kg TAR) significantly increased DNA

damage (P < 0.05), as inferred from the
increased tail length, tail moment, and tail
DNA% relative to the control. Alternatively,
the groups that received tartrazine + curcumin
(10 and 20 mg/kg TAR with 50 mg CUR)
showed no substantial variance in DNA
damage (tail length) compared to the healthy
control.

Table 9: Effect of curcumin on tartrazine-induced DNA damage in rat testes.

DNA marker in testes

Groups % Tail Length DNA in Tail | Tail moment | Olive moment
Control 6.00+0.90° | 10.06+0.882 | 7.64+0.682 | 0.64+0.282 | 1.25+0.222
10 mg/kg (TAR) 9.90+1.06¢ | 12.63+1.04¢9 | 9.92+0.919 | 1.14+0.05¢ | 1.42+0.38¢
20 mg/kg (TAR) 15.80+1.43¢ | 14.25+1.22¢ | 11.34+0.64¢ | 1.92+0.17¢ | 2.15+0.25¢
50 mg/kg CUR 5.92+0.66% | 10.01+1.092 | 7.52+0.61% | 0.63+0.062 | 1.18+0.402
10 mgg@;;gw MY | 750+013" | 12.0+062" | 8.17+055° | 0.70+0.14" | 1.06+0.35"
20 mgéTUARF;;gso MY | 10.20+0.92¢ | 12.61+0.58° | 8.98+0.29¢ | 1.20+0.41° | 1.38+0.45°¢

Values represent the mean + SE of 10 rats. Values labeled with similar letters revealed no significant differences at P < 0.05.
Values within a column that do not share the same superscripted letters significantly differ at P < 0.05.
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Fig. 3: Comet assay for DNA damage in Testes tissues in various studied groups. Where G1,
control group; G2, 10g/kg (TAR) group; G3, 20 mg/kg (TAR) group; G4, 50mg (CUR) G5, 10
TAR+ 50mg/kg CUR ) group; G6, 20 TAR+ 50 CUR group.

Histopathological Analysis of Liver:

The control group and 50 mg/kg
curcumin administered group showed no
histopathological changes. While in the
tartrazine-administered group (10 mg/kg
TAR), oedemas with inflammatory cell
infiltration were detected in the portal veins
accompanied by a few fibroblastic cell
proliferation and degeneration in the
hepatocytes. Moreover, in group 3 (20 mg/kg
TAR-treated group): the portal area showed
severe congestion in the portal vein associated

with fibrosis between the newly formed bile
ductules,  whereas  the  surrounding
hepatocytes exhibited degenerative changes.
In group 5 (10 mg/kg TAR co-treated with 50
mg/kg  curcumin), there was no
histopathological alteration with a few
inflammatory cell infiltrations in the portal
vein. In group 6 (20 mg/kg TAR co-treated
with 50 mg/kg curcumin), mild degeneration
and congestion were observed in hepatocytes

(Fig. 4).
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Fig. 4 a: Control group: No histopathological changes were detected, and the central vein and
surrounding hepatocytes in the parenchyma retained their normal histological structure. b 10
mg/kg tartrazine-administered group: Oedemas with inflammatory cell infiltration were
detected in the portal area in association with dilatation in the portal vein, and massive
inflammatory cell aggregation was detected in the portal area, accompanied by few fibroblastic
cell proliferation and degeneration in the hepatocytes. Severe dilatation of the central vein was
observed (10 mg/kg [TAR]). ¢ 20 mg/kg tartrazine-treated group: The portal area showed
severe congestion in the portal vein associated with fibrosis between the newly formed bile
ductules, whereas the surrounding hepatocytes exhibited degenerative changes and severe
dilatation and congestion were noticed in the central vein (20 mg/kg (TAR)). d Rats were only
administered 50 mg/kg curcumin, and no histopathological alterations were observed. e 10
mg/kg tartrazine with 50 mg/kg curcumin-treated group: There was no histopathological
alteration in the central vein and surrounding hepatocytes in the parenchyma, and the portal
area showed dilatation in the portal vein associated with a few inflammatory cell infiltrations.
f 20 mg/kg tartrazine with 50 mg/kg curcumin-treated group: Mid degeneration was detected
in hepatocytes and associated with congestion in the portal vein and edema in the portal area.

Histopathological Analysis of Kidneys:
TAR administration resulted in
significant histological impairments in renal
tissue in dose dependent manner. In group 5
(50 mg/kg curcumin group and 10 mg/kg
TAR administered with 50 mg/kg curcumin),
no histopathological changes were reported.

In group 6 (20 mg/kg TAR administered with
50 mg/kg curcumin), there was little
vacuolization in the endothelial cells lining
the tufts of the glomeruli with degeneration in
the lining tubular epithelium at the cortex

(Fig. 5).
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Fig. 5 a: Control group: There were no histopathological alterations or normal histological
structures of the glomeruli and tubules in the cortex (control). b 10 mg/kg tartrazine-treated
group: Congestion was observed in sclerotic blood vessels in the cortex, associated with
degeneration of the tubular lining epithelium. ¢ 20 mg/kg tartrazine-treated group: The lining
tubular epithelium at the cortex showed degeneration and swelling, and cystic dilatation was
noticed in the lumen of the tubules in the corticomedullary region d Group of rats administered
50 mg/kg curcumin only: no histopathological change was reported. e 10 mg/kg tartrazine,
with 50 mg/kg curcumin-treated group: no histopathological change was reported. f 20 mg/kg
tartrazine with 50 mg/kg curcumin-treated group: There was little vacuolization in the
endothelial cells lining the tufts of the glomeruli and an association with degeneration in the

lining tubular epithelium at the cortex.

Histopathological Analysis of Testes:
Control  showing the normal
histological structure of the mature active
seminiferous tubules. 10 mg/kg TAR group
showed  atrophy,  degeneration, and
azospermia in some seminiferous tubules.
The group treated with 20 mg/kg TAR
showed atrophy and azospermia in the

individual seminiferous tubules. In groip3 (50
mg/kg curcumin-administrated rats), stained
sections showed normal architecture of
testicular tissue. In groups 5 and 6 (10 mg/kg
TAR + 50 mg/kg curcumin and 20 mg/kg
TAR + 50 mg/kg curcumin), no
histopathological alterations were observed

(Fig. 6).
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Fig. 6: Pathological changes in testicular tissue. a Control showing no histopathological
alteration, and the normal histological structure of the mature active seminiferous tubules with
a complete spermatogenic series and interstitial Leydig cells were recorded. b The group
treated with 10 mg/kg tartrazine showed atrophy, degeneration, and azospermia in some
seminiferous tubules. ¢ Group treated with 20 mg/kg tartrazine showed atrophy and azospermia
in the individual seminiferous tubules. d Group of rats administered 50 mg/kg curcumin only:
there was no histopathological alteration. e 10 mg/kg tartrazine, and 50 mg/kg curcumin-
treated group; there were no histopathological alterations. f 20 mg/kg tartrazine, with 50 mg/kg
curcumin-treated group showed no histopathological alterations were observed.

DISCUSSION

The global food industry is
increasingly utilizing food additives of both
natural and synthetic origins. Therefore, food
products may contain toxic additives (Vidotti
et al., 2005). One class of food additives is
coloring agents, such as food dyes, which are
intended to increase the aesthetic appearance
of foods and make them more attractive to
consumers. Unfortunately, many synthetic
colorants have been found to possess
carcinogenic, genotoxic, and mutagenic
properties (Himri et al., 2012; Khayyat et al.,
2017; Dos Santos et al., 2022). Tartrazine
(E102), a synthetic food dye, is frequently
used as an additive in the food industry
(Walton et al., 1999). These nitrous

compounds extracted from coal tar have been
previously studied for mutagenicity and
carcinogenesis, as they can produce aromatic
amines and sulfanilic acid via the intestinal
microflora (Chung et al., 1992; Elhkim et al.,
2007). These metabolites can induce free
radical production and generate oxidative
stress (Himri et al., 2011). To investigate
tartrazine's toxicity to vital organs, including
the liver, kidney, and testes, we have designed
a protocol that takes into account
concentration factor as well as exposure
length by administering low and high doses of
tartrazine for 30 and 60 days.

The present study demonstrated a
slight but significant increase in body weight
and a slight but significant decrease in organ
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weight after tartrazine administration, in a
dose-dependent manner. However, the
clinical significance of these findings remains
unclear. Himri et al. (2012) found
insignificant changes in body weight after
tartrazine treatment. In contrast, EI-Desoky et
al. (2017) reported lower body mass gain,
especially in female mice, which was
attributed to lower caloric intake. These
discrepancies could be attributed to the fact
that this response depends on various factors,
such as appetite, food palatability, caloric
content, metabolic rates, and hormonal status
of the animal models, as well as the duration
of exposure and doses.

In our study, AST and ALT, indicative
of liver function, showed abnormal levels,
reaching the highest level after 60 days of
high-dose tartrazine administration. This
effect may be due to the damage to the liver
membrane. These results clearly indicate that
both concentration and duration are important
in determining the toxicity profile of
tartrazine. Similarly, Saxena and Sharma
(2015) showed that daily intake of artificial
food colorant compounds for 30 days resulted
in impaired hepatic function. Consistent with
the biochemical results, tartrazine
administration  caused histopathological
alterations, including hepatocyte necrosis,
infiltration, and vacuolation. Other studies
have  reported histopathological and
biochemical alterations in the liver after
tartrazine  administration ~ (Al-Shinnawy,
2008; Al-Seeni et al., 2018). Similarly,
histopathological changes were reported in
the hepatocytes of guinea pigs exposed to
tartrazine in drinking water for 3 weeks (Rus
etal., 2010.

The current study also showed renal
function  impairment after tartrazine
administration, as evidenced by significantly
higher urea and creatinine levels in the
tartrazine-received groups relative to the
normal and curcumin groups. The renal
function tests were further exacerbated after
60 days of tartrazine administration,
especially in the high-dose group. Our results
agree with those documented by Mehedi et al.
(2009), Nabila et al., (2013) and Al-Seeni et
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al. (2018). They indicated that administering
tartrazine at low and high doses resulted in a
notable rise in urea and creatinine levels.
These findings clearly indicated a decline in
renal function and implied an inefficient
Kidney filtration. In the current work,
prolonged exposure to tartrazine (60 days)
might contribute to a cumulative effect of
tartrazine toxicity and a progressive
worsening of kidney function. In line with our
study, Hassan (2010) found an overt effect on
kidney function after 7 weeks of treatment
with tartrazine. Amin et al. (2010) reported a
similar effect on biochemical markers of renal
damage. The detrimental effect of tartrazine
on the kidney can be attributed to the
generation of oxidative stress in various cell
structures, particularly the cell membranes.
The administration of tartrazine showed
histopathological consequences on the renal
tissues of rats, as demonstrated by
degeneration, swelling, and cystic dilatation
in the lumen of the tubules (Fig.5). In
agreement with our study, Amin et al. (2010)
reported degeneration of kidney tissues in rats
treated with tartrazine. We hypothesized that
the histopathological changes observed in the
kidneys following tartrazine administration
might be attributed to the oxidative stress
caused by tartrazine. Curcumin succeeded in
reversing the adverse effects of tartrazine on
renal histopathology, suggesting a potential
role as an antioxidant in mitigating tartrazine-
induced kidney damage. It has been shown
that the beneficial effect of curcumin could be
mediated by modulating inflammatory
markers, oxidative stress, and DNA damage
(Benzer et al., 2018). This finding is
consistent with the results of the present
study.

Regarding the effect of tartrazine
on the testes, the current work demonstrated
overt toxicity, as evidenced by low sperm
count, low free and total testosterone, and
aberrant histopathological structures of
testicular tissue. Our results align consistently
with those documented previously (Mehedi et
al., 2009; Visweswaran, 2012; Al-Seeni et al.,
2018; Aksu et al., 2019). All of these studies
reported a reduction in the testicular sperm
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count and morphological abnormalities after
tartrazine  administration.  Additionally,
exposure to tartrazine generates high ROS
levels, thereby inflicting damage on the
testicular tissue and leading to sperm
aberrations (Boussada et al., 2017). ROS
levels have also been linked to male infertility
pathophysiology (Tremellen, 2008), sperm
DNA damage, reduced fertilization and
embryo development, a lowered implantation
rate, and the occurrence of miscarriage
(Agarwal et al., 2006). In the current study,
curcumin administration ameliorated
testicular function and resulted in substantial
restoration of spermatogenesis in
seminiferous tubules. The present study is in
accordance with a recent study showing the
palliative effect of curcumin on testicular
damage (Aksu et al., 2019).

In all biochemical tests, it was found
that the dosage of tartrazine was more crucial
in inducing tartrazine toxicity than the
duration of exposure, as shown by the results
of all parameters. The higher-dose-lower
exposure was worse than the lower-dose-
higher exposure for inducing tartrazine
toxicity. This implies that further reducing
tartrazine dosage in foodstuffs might dilute its
long-term effects by facilitating effective
xenobiotic clearance, and allowing the body
to tolerate low tartrazine intake.

Regarding the genotoxicity of
tartrazine, the current study showed that
tartrazine caused DNA damage in all organs,
as evidenced by the comet assay. Our findings
agree with those of previous studies
suggesting the genotoxic effects of tartrazine
and mitotic spindle disorders in animal
models (Himri et al., 2012; Hashem et al.,
2019; Dos Santos et al., 2022). The genotoxic
effect of tartrazine is likely a result of its
direct interaction with nuclear DNA
(Mpountoukas et al., 2010; Himri et al.,,
2012). Alternatively, this dye induces
oxidative stress through its ability to generate
free radicals, which may damage the DNA.
Hassan (2010) showed that a daily dosage of
tartrazine (7.5 and 15 mg/kg b.wt.)
administered to rats for seven weeks caused
DNA damage in the kidney and liver.

Laila I. M. Ibrahim et al.

Recently, embryotoxic and teratogenic
potential has been reported in rats (Hashem et
al., 2019). In our study, curcumin exhibited
efficacy in protecting tissue DNA, as was
observed in the curcumin-treated groups.
Similarly, recent studies (Ji, 2010; Roy et al.,
2011; Ogiwara et al., 2013; Yardim et al.,
2020) showed that curcumin protects against
DNA damage and increases the DNA repair
capacity of lymphocytes exposed to Arsenic
toxicity. Ogiwara et al. (2013) reported that

curcumin  represses  various  pathways
involved in DNA damage.
In  our study, reduced tissue

antioxidant levels of GSH, CAT, and SOD
were observed, as well as a significant

increase in ROS and malondialdehyde
(MDA), a lipid peroxidation marker,
suggesting  oxidative stress damage in

tartrazine-treated rats. Oxidative stress can
occur as a result of accelerated ROS
production and/or a deficiency of antioxidant
mechanisms (Poprac et al., 2017). The
present findings agree with a study reporting
an oxidative damage of tartrazine in Chinese
hamsters and attributed lipid peroxidation to
ROS generation after tartrazine
administration (Demirkol et al., 2012).
Tartrazine, an azo dye food colorant, is
metabolized by the intestinal microflora into
aromatic amines. These amines can produce
ROS by interacting with foods containing
nitrates or nitrites (Moutinho et al., 2007).
Regular consumption of tartrazine has been
found to increase oxidative stress levels in
different tissues of Wistar rats (Himri et al.,
2012). ROS overproduction causes oxidative
stress, which leads to organ and tissue damage
(Abdel-Daim et al., 2020; Gad EIl-Hak and
Mobarak, 2020). Tartrazine suppressed
mitochondrial respiration in the kidneys and
liver of rats (Reyes et al., 1996). Impaired
membrane integrity may cause this disruption
in mitochondrial function. According to
Bakar and Aktac (2014), the degeneration of
the mitochondrial membrane can negatively
impact the oxidative metabolism of cells.
Curcumin is commonly used as an
anti-inflammatory, antioxidant, and
anticancer agent. This ability is ascribed to its
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free radical-scavenging capacity. Given the
increasing exposure of humans to various
xenobiotics in manufactured foods, there is a
great demand for natural products with
antioxidant properties to be incorporated into
foodstuffs. In the current study, curcumin was
found to exert a protective effect against
tartrazine toxicity in the liver, kidneys, and
testes. This prophylactic effect is primarily
attributed to the free radical-scavenging
ability of curcumin. Moreover, curcumin
effectively inhibits lipid peroxidation and
alleviates oxidative stress by increasing
intracellular GSH levels and modulating
antioxidant genes (Kadasa et al., 2015;
Yardim et al., 2020). Additionally, nucleic
acid binding has been demonstrated for
curcumin, and this interaction may provide
insights into the anticancer properties of
curcumin (Kunwar et al., 2011). Curcumin
successfully normalized the histopathological
patterns of the liver, kidneys, and testes
against tartrazine-induced toxicity in a dose-
dependent manner. Nevertheless, further
investigation is required to clarify the
molecular mechanisms involved in the
prophylactic and therapeutic role of curcumin
in different organs following tartrazine
administration. Therefore, determining the
optimal dose of curcumin prophylaxis
warrants further research.
Conclusions

Curcumin can restore antioxidant
balance within cells and efficiently reduce the
oxidative stress triggered by tartrazine
administration. Its antioxidant properties can
enhance organ protection against tartrazine-
induced toxicity. As low-dose tartrazine can
be tolerated, restriction of its use has become
a justified claim. An enhanced supplement of
curcumin is recommended to counteract the
intake of tartrazine from various food sources.
Given that children often consume excessive
coloring agents in food, there may be
increasing health concerns that necessitate
more initiation from parents and health
providers to restrict tartrazine intake by
choosing safer food options. Raising
awareness of the adverse effects of synthetic
colors remains an urgent need. Further
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investigation to standardize the intake of
natural colors as food additives is in high
demand.

List of abbreviations

Tartazine TAR
Curcumin CUR
Glutathione GSH
Catalase CAT
Superoxide dismutase SOD
Reactiver oxygen species ROS
Malondialdehyde MDA
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